The cell walls of the bacilli, like those of other Gram-positive bacteria, are among those structures of the cell that are most susceptible to phenotypic variation (Ellwood & Tempest, 1969) . One transition that has been studied in detail is the replacement of' teichoic acid by teichuronic acid when cells are grown with phosphate as the growth-limiting nutrient (Tempest et al., 1968) . Thus (Ellwood & Tempest, 1972) . This change has been used to monitor the assembly of newly formed cell-wall polymers (Mauk & Glaser, 1972) and to follow synthesis of bacteriophagereceptor sites in cell walls of B. subtilis W23 (Archibald & Coapes, 1971) . The teichoic acid in this organism is a polymer of glucosylribitol phosphate (Chin et al., 1966) , but little detailed evidence is available on the structure of the teichuronic acid. However, cell walls of Bacillus licheniformis N.C.T.C. 6346 grown in batch culture contain both types of polymer (Janczura et al., 1961) , and the structure of the teichuronic acid has been established (Hughes & Thurman, 1970 (Archibald & Stafford, 1972) .
Analysis of walls (Table 1) showed that those grown at a dilution rate of 0.1 h-1 contained galactosamine, glucuronic acid but little phosphorus, characteristics of teichuronic acid, whereas walls grown at a dilution rate of 0.3 h-1 contained phosphorus but little galactosamine or uronic acid, suggesting that teichoic acid was present but not teichuronic acid. This was confirmed by hydrolysis of walls in 4M-HCI at 1000C for 4h followed by paper chromatography of the products in pyridine-ethyl acetate-acetic acid-water (5: 5: 1: 3, by vol.). Walls grown at the lower dilution rate produced, in addition to peptidoglycan components, galactosamine, glucuronic acid and its lactone with traces of ribitol and glucose; those grown at the higher rate produced ribitol, anhydroribitol, phosphate and glucose but no uronic acid.
Cells grown under phosphate limitation at a dilution rate of 0.1 h-I thus produce a cell wall containing teichuronic acid and only traces of techoic acid, whereas those grown at a dilution rate of 0.3 h-1 contain a ribitol teichoic acid and no teichuronic acid. This phenomenon was not observed with B. subtilis var. niger, which still produced teichuronic acid at the higher dilution rate (Ellwood, 1970) . A similar process, however, has been observed in growth of Staphylococcus aureus H, when teichoic acid reappeared in cell walls grown at higher dilution rates, and it was suggested that near to the maximum dilution rate the extracellular phosphate concentration would be close to a non-limiting value and hence teichoic acid synthesis could occur (Ellwood & Tempest, 1972 The oligosaccharide that was isolated by preparative paper chromatography was neutral on electrophoresis in pyridine acetate buffer, pH 5.3, and on acid hydrolysis produced galactosamine, glucuronic acid and its lactone. The oligosaccharide was N-acetylated with acetic anhydride in aqueous methanol. When the N-acetylated product was reduced with NaBH4 and hydrolysed and the products were examined by paper chromatography, glucuronic acid was still present but the galactosamine had been converted into galactosaminitol. The oligosaccharide was analysed by the ElsonMorgan reaction and produced the chromogen characteristic of 3-0-substituted hexosamines. The oligosaccharide produced thus has properties identical with those of the disaccharide, 3-0-glucuronosyl-D-galactosamine, obtained from partial hydrolysis of the B. licheniformis teichuronic acid (Hughes & Thurman, 1970) , and arises because of the relative stability of glucuronosyl glycosidic bonds to acid hydrolysis.
The position of substitution of the glucuronic acid residues in the polymer was determined by Smith degradation. Preliminary experiments on teichuronic acid showed that the galactosamine residues were resistant to oxidation, whereas glucuronic acid was destroyed. Quantitative results were, however, difficult to interpret, since overoxidation occurred, presumably because of the presence of free carboxyl groups. The glucuronic acid residues were thus first reduced to glucose by using the method of Taylor & Conrad (1972) . A solution containing 100,uequiv. of uronic acid was treated with 3 -cyclohexyl -3 -(2-morpholinoethyl)carbodiimidetoluene-p-sulphonate (1 mmol). As the reaction proceeded the pH of the solution was maintained at 4.75, by automatic titration with 0.1 M-HCI, for 2 h, when all H+ uptake had ceased. The reaction mixture was heated to 50°C, freshly prepared 2 M-NaBH4 solution (20 ml) was added dropwise and reaction was allowed to proceed for 30min. The product was dialysed overnight against running tap water, then against three changes of distilled water, and freeze-dried. Samples (2mg) of the reduced polymer were hydrolysed in 2M-HCI (0.5 ml) at 100°C for 3 h. Chromatographic examination of the hydrolysate showed glucose and galactosamine to be the only products. Analysis of the reduced material showed galactosamine and glucose to be present in the relative molar proportions 1.0: 1.02.
A sample of the reduced teichuronic acid (30mg)
was treated with 0.1 M-NaIO4 (3.2 ml) in the dark at 4°C. Oxidation was complete after 100h, when 1.2 pmol of NaIO4 had been reduced/,umol of galactosamine. NaBH4 was added and the mixture was incubated overnight. Excess of NaBH4 was destroyed by the addition of acetic acid, and the solution was passed through a column of Dowex 50 (H+ form) resin. The eluate was dried in vacuo and borate was removed by repeated evaporation from methanol. Analysis of the Smith-degraded material showed that the galactosamine was resistant to oxidation, which is consistent with its 3-0-substitution, but that over 90% of the glucose had been destroyed. Together with the consumption of 1 mol of periodate/mol, the glucose is clearly substituted at C-2 or C4. Hydrolysis of the material produced galactosamine, erythritol and a trace of glycerol. The glycerol presumably arose from a terminal non-reducing group. The proportion of erythritol, which can arise only from carbon atoms C-6-C-3, confirms position 4 as the point of substitution of glucose and hence of the glucuronic acid in the unmodified polymer. A similar conclusion was reached by methylation studies on the B. licheniformisteichuronicacid (Hughes &Thurman, 1970) .
The teichuronic acid of cell walls of B. subtilis W23 grown under phosphate limitation is thus a polymer of alternating glucuronic acid and Nacetylgalactosamine residues in which the glucuronic acid is substituted on C4 and the galactosamine on C-3. The majority at least of the glycosidic linkages have the ac-configuration. This structure is identical with that proposed for the teichuronic acid found in cell walls of B. licheniformis N.C.T.C. 6346 grown in batch culture. Although in neither case has the strict alternation of the residues been proved, no evidence was obtained, by either partial hydrolysis or Smith degradation, of adjacent sugar moieties of the same type. The chain length of the B. subtilis teichuronic acid as measured by incorporation of 3H from NaB3H4 or chromogen formation was 19-21 disaccharide units, which is again in agreement with the values obtained for the B. licheniformis polymer (Hughes & Thurman, 1970) .
The similarity in cell-wall composition of B. licheniformis N.C.T.C. 6346, B. subtilis W23 and also probably B. subtilis var. niger and B. subtilis 168 (Ellwood & Tempest, 1972) , when under conditions where teichuronic acid is present, is of some interest, since, when these organisms are grown under conditions where teichoic acid is synthesized instead, cell-wall polymers of differing structure are produced.
